Semiconductor photocorrosion is a major challenge for the stability of photoelectrochemical water splitting devices. Usually, photocorrosion is studied on the basis of thermodynamic aspects, comparing the redox potentials of water to the selfdecomposition potentials of the semiconductor or analyzing the equilibrium phases at given electrolyte conditions. However, that approach does not allow for a prediction of the semiconductor's decomposition rate or the branching ratio with the redox reaction.
Introduction
Photoelectrochemical (PEC) approaches and their realization in functional devices provide a way to store solar energy in a renewable fuel [1, 2, 3] . A functional PEC device requires a semiconductor in contact with an electrolyte and potentially covered by co-catalysts. The development of PEC devices is hindered by instability issues [4, 5] , which are caused not only by the degradation of single components (semiconductor, catalyst and electrolyte), but also by the interplay between the operating conditions and the various degradation phenomena [6] . While the catalyst and electrolyte degradation are considerable challenges for long-term stability, the short-term stability mainly depends on the semiconductor material and its interface with the electrolyte [6] . Often, semiconductors with good photoabsorption behavior and interesting band alignments are thermodynamically unstable and therefore dissolve or passivate in few minutes up to few months as a result of photocorrosion [7] . This occurs when the photogenerated charge carriers oxidize or reduce the semiconducting material itself instead of the redox species in solution. For this reason, the application of protective films, nanoparticles, and fusible alloys at the semiconductor-electrolyte interface are often used to enhance the durability and robustness of semiconductors that are prone to photocorrosion [8, 9, 10, 11] .
Generally, the photocorrosion of semiconductors immersed in liquid electrolytes is studied on the basis of thermodynamic aspects, comparing the quasi-Fermi levels of charge carriers to the decomposition potentials of the semiconductor [12, 13] . Pourbaix diagrams can also be used to investigate the stability and phase composition of the semiconductors at different potentials and pH. Despite their valuable guidance in semiconductor material choice and photoelectrode design, those thermodynamic schemes provide only information about the spontaneity of photocorrosion but cannot predict how fast the semiconductor will decompose. They predict the behavior of the material at equilibrium, considering only the global decomposition reaction. If a semiconductor is thermodynamically unstable, the decomposition reaction tends to occur but has to compete kinetically with the other reactions occurring at the photoelectrode (redox reactions, surface recombination, etc.). If those competing reactions are fast enough, the electronic free energy at the interface with the electrolyte cannot exceed the critical value for initiating the photodecomposition. Thus, detailed kinetics studies are crucial for predicting the operational durability of PEC devices.
In order to investigate the kinetic stability of the photoelectrode, the knowledge of the detailed reaction mechanisms for the semiconductor decomposition by electrochemical oxidation or reduction is of paramount importance. Those mechanisms were studied by Gerischer and Mindt [14] . They highlighted the importance of the energy and polarity of the chemical bond at the surface in the reaction mechanism and in the formation of radical intermediates. Frese et al. [15] conducted experimental studies of the photo-induced corrosion of n-GaAs using a rotating ring-disk electrode (RRDE), and developed a general photocorrosion model for investigating the kinetic behavior of the photoelectrode. The model considered the corrosion as a succession of bond breaking between the surface atoms and the underlying lattice of the semiconductor, and used the bonding model of Sanderson. They showed that the presence of dislocations and defects induced a higher sensitivity to photocorrosion, and the stabilization by reducing agents in solution decreased with increasing irradiation intensity. They later extended the model and RRDE experiments in order to investigate reaction rates of the photocorrosion reaction [16] . The beneficial effect of metal layers on n-GaAs stability was investigated by Frese et al. [17] , concluding that small amounts of gold or ruthenium layers can substantially increase the stability of the treated surface. Frese et al. [18] used a RRDE to study the photocorrosion of n-CdSe, combined with maonochromatic quantum yields to investigate the behavior of the photocorroded layer. Furthermore, they developed a hole tunneling model, coupled to RDE experiments to provide the link between stabilization efficiency and photocurrent decay parameter for n-CdSe in sulfide electrolytes [19] . Cardon et al. [20] investigated the kinetic stabilization processes for III-V semiconductor electrodes by RRDE experiments, and concluded that the stabilization by reducing agents logarithmically decreases with irradiation intensity. They also investigated the different kinetic models which may lead to that dependence, concluding that at least one step of the photocorrosion reaction mechanism should be reversible. Allongue et al. [21] presented a method for the determination of the photocorrosion kinetics of GaAs, which was based on the simultaneous measurement of photocurrent and impedance. The photocorrosion of GaAs and InP was further investigated using RRDE, Tafel plots and surface-state capacitance measurements [22] . They concluded that the photocorrosion current varied between a linear (in 0.5 M H2SO4) and a quadratic (in 1 M KOH) dependence on charge density. Allongue et al. [23] showed that surface effects may strongly affect the reaction scheme of photocorrosion by using band edge shift measurements coupled with stabilization measurements on n-GaAs photoanodes in contact with various redox solutions. Allongue et al. [24] proposed and experimentally validated a reaction model for the photocorrosion reaction of III-V compounds, which quantitatively represented the Tafel plots of current versus band displacement. They described photocorrosion as an initial hole capture process on a cation site which becomes an anion site by the liberation of the cation, and a chemical reaction step which occurs before a second hole capture proceeds to dissolve the anion-related defect.
However, predicting the kinetic competition between redox and photocorrosion reactions and quantifying the dependence of photostability on the different operational parameters remains not well investigated. Material parameters characterizing photocorrosion are reported with a considerable spread in literature.
Here, we aim at better understanding the impact of material properties and operating conditions on the competition behavior between photocorrosion and water oxidation reactions of operating photoanodes. We propose a simplified kinetic model for a computational assessment. The studied photoelectrodes are considered semiconductors partially covered by catalysts and immersed in liquid electrolytes. We also quantify the effect of different physical parameters on the photostability, namely the reversibility of the photocorrosion reaction, surface back-bond potential, intermediate states potentials, and number of charges required for the decomposition reaction. The study is focused on the anode compartment for two reasons: first, while many high-performing semiconductors can be stable when used as photocathodes, only a few of them are stable when used as photoanodes [25] ; second, the anodic reactions are the most complex ones from a kinetics point of view [26, 27] .
In the following, we first highlight the theoretical transition from thermodynamics to kinetic schemes. Then, a kinetic model is proposed for the oxygen evolution reaction and the anodic photocorrosion reaction, and used to investigate the dependence of the photostability on reaction rates and hole concentration. In addition, the impact of the different physical parameters occurring in the reaction constants is discussed and estimated. Finally, we use the kinetic model to quantify the photostability of 15 promising compound semiconductors for photoanode application in acidic and basic conditions.
From thermodynamics to kinetic schemes
Thermodynamics states that a photoanode is stable if the oxidative potential, , is lower (more negative in potential versus NHE) than the anodic decomposition potential of the semiconductor, , . For photocathodes, stability is predicted if the reductive potential, , is higher (more positive in potential versus NHE) than the cathodic decomposition potential of the semiconductor, , :
The anodic and cathodic thermodynamic decomposition potentials , and , can be obtained from thermodynamic calculations [25] or electrochemical experimentation [28] . Their relation to the pH of the solution depends on the specific decomposition reactions [25] . Most of the semiconductors decomposition potentials follow the Following the thermodynamic stability criteria, only the global decomposition reactions are considered and the free energy change is averaged over all steps of a complex decomposition mechanism. The kinetic schemes, which converge at equilibrium to thermodynamics, take into account the detailed decomposition reaction mechanism.
They introduce the reaction coordinate, transition states, and reaction rates of different intermediate steps. Thus, the different photocorrosion reactions proceed in sequential steps, each step having an inherent reaction rate with a stabilizing activation barrier.
Moreover, the photocorrosion reaction has to compete kinetically with the water splitting redox process in an operating photoelectrochemical water splitting device. Figure 1 shows the global thermodynamic and kinetic diagrams of the semiconductorelectrolyte interface, which consider the positions of the band edges, the redox potentials, the quasi-Fermi levels, , , of the charge carriers (i=p for holes, i=n for electrons), and the decomposition potentials. The kinetic diagram is limited to the anodic compartment for illustration and considers only the decomposition by consumption of holes. Electrons can also participate in the reaction but that alternative path, which is likely to occur only in very low band gap materials [14] , is not considered.
If < , , the water oxidation reaction is spontaneous and , − quantifies the oxidation evolution reaction's overpotential. If , < , , the semiconductor anodic decomposition reaction is also spontaneous. For , < , there will be susceptibility of anodic decomposition instead of water oxidation. If > , , the protons reduction reaction for hydrogen production is spontaneous and − , quantifies the hydrogen evolution reaction's overpotential. If , > , , the semiconductor cathodic decomposition reaction is also spontaneous. For , > , there will be susceptibility of cathodic decomposition instead of protons reduction.
For a photoelectrode susceptible to decomposition, the reaction mechanism includes successive steps in which different activation energies are required. In the first step, the energy of the photogenerated charge carrier needs to reach the surface back-bond energy of the semiconductor material, . The surface back-bond energy is a measure of the work necessary to break the bond between the surface atom and the underlying lattice [29] . Thus, the first step of the decomposition reaction needs the activation energy = ( − , ). The first step leads to the formation of surface radicals with dangling bonds at energy levels that we call . The activation energies required in the subsequent steps depend on the energy levels of the dangling bonds that were generated. In subsequent steps, other charges carriers are captured by the generated surface radicals and the process repeats until the final products are generated.
From the values of , and , reported in literature [25, 28] , it appears that many semiconductors are stable over a wide range of pH when used as photocathodes for the hydrogen evolution reaction. Note that the thermodynamic decomposition potentials , and , are obtained considering the reaction energy necessary for breaking bulk bonds, under the assumption that the material is defect free. However, semiconductors usually have defects resulting from dislocations at the surface. Those defects affect the decomposition potential at the microscopic scale, impacting the photocorrosion susceptibility of the material. For instance, a theoretically stable photoanode ( , > ) could be locally unstable because defects induce a shift of the decomposition potential, pushing , below . The impact of surface defects on stability will depend on both the decomposition potential shift and the density of the defects. In order to better understand local surface defects and their effect on the macroscopic decomposition behavior, microscopic studies of the surface should be performed. It is also important to note that the surface atoms of the photoelectrode bond with the underlying lattice, on one side, and with electrolyte species (like OH -, H + , K + , etc.), on the other side. This surface adsorption/desorption process can induce perturbations of the surface back-bond potential, weakening the bond and therefore increasing the susceptibility to photocorrosion. Detailed studies of the surface chemistry and double layer can help in better understanding the impact of bonding with electrolyte species on the energetics and kinetics of photocorrosion.
Simplified kinetic model
The global kinetic model considers the oxygen evolution reaction (OER) and anodic photocorrosion reaction (APR) as two competing reactions, each of them being a succession of elementary reversible or irreversible electrochemical and/or chemical steps. The kinetics of the global reactions will depend on the rate limiting steps, which often require a higher free energy for charge carriers than the overall reaction. The hypotheses of the kinetic model are the following:
 Single-site schemes (0-dimensional model). The study of the energetics and kinetics of charge transfer at the semiconductor-electrocatalyst interface, which is behind this hypothesis, is given in the Section 1 of the supplementary material.
 Steady-state conditions for the evolving reactions;
 Only the electrochemical steps of the reactions mechanisms are considered as rate limiting;
 The electrolyte molecule concentration is large enough to neglect its impact on reactions rates;
 The photocorrosion reaction mechanism is the same in alkaline and acidic conditions;
 100 % faradaic efficiency for the water oxidation reaction. There is no formation of by-products that can impact the chemical stability of the photoelectrode, and all the holes that are not used to drive the APR are consumed by the OER.
Oxygen evolution reaction mechanism
The mechanism of OER, which is the most important information for the optimization of water electrolysis catalysts, still remains unclear. Different reaction paths have been proposed in literature: an oxide path, an electrochemical oxide path, an electrochemical metal peroxide path, and a density functional theory (DFT) predicted peroxide path [30, 31, 32] . Here, we use the DFT predicted peroxide path (taking into account only the electrochemical steps) because DFT is known to be relatively reliable in predicting the catalyst activity [30] . The detailed reaction path, which implies the transfer of four charges from water, is presented in Table 1 for acidic and alkaline conditions. stands for the element of the electrochemically active catalyst particle. are the reactions rates for the different electrochemical steps. Note that the first step of the two reaction paths is considered reversible. For the forward reactions, take into account both, the rate of hole transfer from the semiconductor to the electrocatalyst and the reaction rates of the forward steps of the global OER. Under the assumption that the water molecule concentration is large enough to neglect its impact on the kinetics, the reaction rate of the first step of the OER is:
where stands for the photogenerated hole concentration at the active sites. It is controlled by the generation and transport of the charge carriers from the bulk semiconductor to the reactive surface. is the reaction constant for the backward reaction of the reversible first step. 
Acidic conditions Alkaline conditions
Global OER
The reaction rate is the same for all the subsequent electrochemical steps. Thus, for the second, third, and fourth step of the OER, we can write:
If the eqs. (2) and (3) are combined, we obtain the evolution of the reaction rate of the global OER as a function of the concentration of holes and active sites:
The reaction constants for the different electrochemical steps can be determined using Arrhenius approximations. The reaction constant of the first step of the redox reaction is:
stand for the charge transfer coefficient, is the electrocatalyst's potential, is the electrolyte's potential, and is the reversible oxidation potential of water. The reaction constants of the first reversible step and second step of the reaction are:
The electrocatalyst's potential and semiconductor's potential, , are:
where is the concentration of holes in the steady state of illumination, under the hypothesis that is less than ~ 3 away from either one of the band edges. is the density of states within 1 of the upper edge of the valence band.
Anodic photocorrosion reaction mechanism
The kinetic model considers the photocorrosion reaction as a succession of stepwise breaking of bonds between the surface atoms and the underlying crystal lattice, each step having a known rate constant. In the first step, the first two-electron bond is broken during a charge transfer to the surface back-bond energy level, giving birth to a surface radical and to a new bond between one semiconductor atom and the electrolyte species. In the subsequent steps, the surface radical intermediates progressively react with other charge carriers to form new intermediates until the global decomposition products are generated. Thus, the rate limiting step of the global decomposition mechanism requires one charge carrier.
For the decomposition of a compound semiconductor (like GaAs, InP, Cu2O, etc.),
where is the most electropositive element and is the most electronegative one, the global anodic photocorrosion reaction is [14, 13, 15] :
where is a nucleophilic reagent, like or a halogen ion. The detailed steps of the decomposition mechanism are described in Table 2 . In the table, is the most electropositive component of the electrolyte, and are the reactions rates for the different electrochemical decomposition reactions steps. The first step of the reaction mechanism is considered reversible, the backward reaction being the re-emission of the hole in the semiconductor lattice. Step Acidic or alkaline conditions band is more suitable for the transfer of the charge carriers. We did not consider electron transfer via the conduction band in the anode compartment because the transfer via the valence band is always easier for the semiconductors considered in this study [33] . In the competing chemical reactions, no charge carrier is involved and it is considered that they don't have any limiting effect. The reaction rates for the individual steps of the APR are: ) [ ] is the surface density of the bonded sites susceptible to photocorrosion. If we combine the first two steps, we obtain the global APR rate as a function of the concentration of holes and semiconductor atoms: 11) This equation is valid only under the thermodynamic condition:
where is the valence band potential. For the reaction constants of the anodic photocorrosion reaction, the first step is considered a thermally activated hole capture from the semiconductor's potential towards the two-electron back-bond potential at the semiconductor surface [16] :
where is the capture cross section of the first step, describing the probability of the bond to capture the free charge carrier. is the thermal velocity of the holes, which depends on their effective mass. and is the reaction length of the charge carrier.
The reversible step corresponds to a hole emission towards the surface back-bond, leading to the regeneration of the initial surface [22] :
The second step is considered a thermally activated hole capture from the semiconductor's potential towards the generated dangling bond [16] :
is the capture cross section of the second step, which describes the probability of the dangling bond (which is at the energy level ) to capture the free charge carrier.
The activation barrier of this second step can be omitted, given that the one-electron bond of the surface radical is very low compared to the initial two-electrons bond of the surface [16] .
Competition between OER and APR
We use the photostability in order to describe the competition between OER and APR.
Photostability is defined as the ratio between the oxygen evolution reaction current and the total photogenerated current: = = + (16) Given that the OER and APR require 4 and n holes, respectively, we obtain:
The reaction rates depend on the concentrations of holes and species at the interface between the semiconductor/catalyst and the electrolyte. Considering the same concentration of holes at the semiconductor's and catalyst's surfaces, and combining eqs. (4), (11) and (17), we obtain:
Results and discussion
In the following, it is considered that all the photoactive sites are susceptible to
. The case study uses the physical properties of GaAs at a reference pH of 14. The reference physical properties used in the calculations are listed in Table 3 . The surface back-bond potentials were estimated using the spectroscopy and mass spectrometry data of Luo et al. [34] . The reference values of the reaction constants of the oxygen evolution reaction are estimated from literature [34, 35] . In the results, parametric studies of the different physical properties are performed in order to quantify the effect of their uncertainties on the results. We consider the photodecomposition reaction to be reversible and we take into account only the activation energy of the first step of the photocorrosion reaction ( = ).
This assumption is reasonable because the dangling bonds are significantly weaker than the fully bonded surface atoms [16] . Moreover, we neglect the activation energy of the second step of APR ( = ) because the reactivity of the radical intermediates is much higher than that of the initial state [14] . 
Evolution of the photostability with irradiation intensity
The evolutions of the semiconductor photostability with the concentration of the photogenerated holes in an alkaline environment (pH=14) is given in Figure 2 for different reaction constants of the first step of the redox reaction (which is generally the rate limiting step [35] We studied the impact of the reversibility of the decomposition reaction on photostability by assuming an irreversible first step ( = 0). In this specific case, we observed a logarithmic increase of the photostability with hole concentration, however, at a very low photostability (PS ≈ 10 -11 for between 10 -53 to 10 -49 m 4 /s) for hole concentrations in the range of 10 13 holes/m 3 .
Generally, an acceleration of the photocorrosion for an increased illumination intensity has been experimentally observed [15] , which would -in our model -support a reversible first step. However Benito et al. reported an increase of stability with increasing illumination intensity [37] . The reversibility of the photocorrosion reaction remains an open question. It depends not only on the material but also on the operating conditions. In the following discussion, it is considered that the photocorrosion reaction is reversible.
Surface back-bond and surface radical potentials and their impact on photostability
Even if a semiconductor has a perfect crystalline structure, at its surface there is an abrupt termination, and the coordination number of the surface atoms is lower than those in the bulk. As a consequence, there may be dislocations, adatoms, vacancies and reconstructions (intrinsic bonding between the atoms of the surface). Moreover, due to the interface with the electrolyte, there may be contamination (absorption of electrolyte species), polarization (due to the difference in electronegativity), and free radicals (reaction intermediates). All these factors impact the stability as they primarily Gerischer [14] , belongs to the valence band of the crystal. Frese [16] confirmed this observation, stating that is supposed to be slightly below the valence band edge. Different researchers measured "in-situ" [22, 16] , or estimated it using firstprinciple methods [38, 34, 39] . We used those data as references for the ranges of the surface bond potentials investigated.
The evolution of the semiconductor photostability with the surface back-bond potential for different hole concentrations is given in Figure 3 . It is observed that, whatever the holes density, there is a global increase of the photostability with the surface backbond potential. The functional relation between photostability and surface back-bond potential follows a sigmoid-like curve. For each value of hole concentrations, there is a critical surface back-bond potential above which the photoelectrode is completely stable (i.e. photostability is close to 1). This critical surface back-bond potential is about 1.9, 2 and 2.1 V when the hole concentration is 10 2 , 10 5 and 10 8 holes/m 3 , respectively.
Similarly, there is a limiting surface back-bond potential below which the photoelectrode is completely unstable (i.e. photostability is close to 0). This limiting surface back-bond potential is about 1.8, 1.9 and 2 V when the hole concentration is 10 8 , 10 11 and 10 14 holes/m 3 , respectively. for different hole concentrations at reference conditions (see Table 3 ).
During the photodecomposition mechanism, the breakage of the two-electron chemical bond (step 1) leads to the formation of a radical intermediate with a weaker bond. If we consider the decomposition mechanisms presented above, we need to know the position of the one-electron bond in order to accurately predict the photostability. The evolution of the semiconductor photostability with the potential of the one-electron bond is similar to the one given in Figure 3 . Indeed, an increase of the surface radical potential induces an increase of the activation barrier of the second step of the reaction.
However, given that the one-electron bond of the radical is much weaker than the initial two-electron bond, the position of the radical potential has less impact on the photostability than the surface back-bond potential [14, 16] .
Photocorrosion reaction step number and its impact on photostability
The photocorrosion reaction was considered as a succession of stepwise reactions between the surface atoms, the underlying crystal lattice, and the electrolyte, each step requiring one hole. Generally, the number of holes consumed during the decomposition of one semiconductor molecule depends on the semiconducting material, the illumination intensity, and the electrolyte composition [36] . The evolution of the semiconductor photostability with the number of charges consumed is shown in Figure 4 , for different concentrations of holes. Figure 4 . Evolutions of the semiconductor photostability with the number of charges (or steps) required for the anodic decomposition for different hole concentration at reference conditions (see Table 3 ).
Globally, there is a logarithmic decrease of the photostability with the number of holes surface back-bond overpotential (difference between the surface back-bond potential and the valence band potential) is presented in Figure 5 . between the surface back-bond potential and the valence band potential at reference conditions (see Table 3 ).
It is observed that for a fixed valence band potential, the photostability increases with the overpotential of the surface back-bond compared to the valence band potential.
Indeed, this difference relates to the activation energy necessary to initiate the ( ) − ( ) photodecomposition process. Note that there is a transition zone with a dramatic drop in photostability (from ~ 0.9 to ~ 0.1), which is distributed over an overpotential of ~ 0.12 V only.
For a high valence band material ( > 0.9 V), the transition zone starts at the same value of overpotential (~ 0.65 V in this case), whatever the value of the valence band.
For low valence band materials ( <0.9 V), the surface back-bond overpotential needs to be increased proportionally in order to keep the photoelectrode stable. There is a critical surface back-bond overpotential (~ 2.1 V in this case) above which the photoelectrode is completely stable, whatever the valence band potential. In other words, the position of the valence band and the overpotential of the surface back-bond compared to the valence band can provide significant indications on photostability, and can provide guidance on the design and choice of the photoelectrode materials.
Photostability of other promising compound semiconductors
Here we study, via an estimation of the photostability, the durability of different promising compound semiconductors that can be used as photoanodes. The studied semiconductors exhibit spontaneity of water oxidation and susceptibility of anodic decomposition in the considered pH ranges. Regarding the potentials dependence on pH, it is considered that:
 The valence band potential is independent of pH for non-oxide semiconductors and follows the Nernstian relation for metal oxide semiconductors [40, 41] ;
 The decomposition potential , follows the Nernstian relation for non-oxide semiconductors and is independent of pH for metal oxide semiconductors [25] .
It is known that the complete photodecomposition of the studied semiconductors can occur in a few seconds or take months, depending on the material, the operating conditions, and the pH of the environment. In Table 4 , we present the input data used for calculating the kinetics of photocorrosion for 15 semiconductors, and the obtained photostabilities in strongly acidic (pH=0) or strongly alkaline (pH=14) environments.
The reference concentration of holes was fixed to 10 11 holes/m 3 and for the photocorrosion reaction rates, we consider only the activation energy of the first step of the mechanism.
We predicted that some semiconductors like SiC, PbO, SnO, WO3, encounter a kinetic barrier that considerably limits their decomposition even though they are thermodynamically susceptible to anodic photocorrosion. For SiC, there are two parallel and competitive decomposition reactions that require 4 and 8 holes respectively. However, the material is very stable from a kinetic point of view, whatever the decomposition path. Experimentally, the anodic current of a SiC electrode has been found to remain stable, even if it has been observed that a highly porous SiO2 film is progressively formed on its surface [36] . Table 4 . Photostability of promising compound semiconductors for photoanode application in acidic and basic conditions, at a holes concentration of 10 11 holes/m 3 . * / is the ratio between the effective mass of the holes and electrons in the semiconductor. The voltages are referred to NHE.
Input data for the model [25, 34, 36] Computed Experimental
Photocurrent drop
Ref. In general for III-V materials, the estimated photostability is slightly lower than 1. That means that there is a small part (from ~1 to 6%) of the photogenerated holes that decompose the semiconductor. These results can explain the experimental observations of Sun et al. [43] , who measured a photocurrent drop lower than 20% over 48 hours for a NiOx covered InP photoanode in alkaline conditions. Also Kainthla et al. [42] obtained a durability higher than 10 hours for a MnOx covered GaAs photoanode in alkaline conditions, after an initial 10% current drop. In parallel, Khaselev and Turner [49] measured a photocurrent drop of ~20 % over 20 hours for a Pt covered GaInP2/GaAs photocathode in acidic conditions.
The stability behavior of AlAs was found to be very close to that of III-V materials.
However, AlP exhibited a very low photostability. AlP has been known to rapidly react with water or acids, leaching out phosphine.
Regarding Cd-based photoanodes, we calculated a very low photostability (PS < 0.02).
Pandey et al. [45] measured photocurrent drops of ~ 78, 58 and 66% in 6 hours respectively for CdTe, CdSe, and CdS photoanodes in alkaline conditions. In particular,
CdS is an excellent candidate for water splitting because of its narrow band gap and its band edges' positions, but its fast decomposition upon irradiation has typically been the limiting factor [50, 51] .
ZnSe is found to be highly unstable from a kinetic point of view. However under illumination, there is the quick formation of a thin film on its surface. This film plays an important role in the decomposition mechanisms, making it a diffusion-controlled reaction and slowing it down [46] . The impact of the evolving corrosion layer was not taken into account in our model. ZnS has been known to quickly photocorrode in photoelectrochemical water splitting environments [52, 47] , consistent with our predictions (PS <0.004).
Regarding the dependence of photostability on the pH of the electrolyte, it appears that the photostability of non-oxide semiconductors slightly increases with pH ( 
Conclusions
We demonstrated the limits of using only thermodynamics to predict the durability of Despite all the assumptions (single-site reaction scheme, same concentrations for the reactants, same value for the surface back-bond and surface radical potentials, etc.) involved in our simplified kinetic model, which considered the competing OER and APR as successions of elementary reversible or irreversible electrochemical reactions each, good agreement was found between the calculated photostabilities and the dissolution rates reported in literature for different compound semiconductors. We predicted that some thermodynamically unstable semiconductors could operate over a period of years, given by the large consumption rate of photogenerated charge carriers by the OER. Moreover, it was found that the reaction constant of the competing redox reaction has a considerable impact on slowing down the photocorrosion. Thus, the use of highly active catalysts or suitable sacrificial agents (for which -however -it would be difficult to design an overall water splitting redox cell) can considerably boost the durability of the device. It was observed that the photostability logarithmically decreases with the concentration of holes. The hole concentration can -for example -be affected by the illumination intensity. The photostability was further enhanced by increased surface back-bond potential following a sigmoid-like behavior. The surface back-bond potential can be controlled with crystal orientation and termination, highlighting the importance of the surface finish. We showed the position of the valence band and the overpotential of the surface back-bond potential compared to the valence band can provide significant indications on the photostability of a photoanode.
For future studies, other multi-dimensional photo-physical processes such as radiation absorption, charge carrier generation, charge transport and transfer from the semiconductor to the electrocatalyst, charge transport in the catalyst and photocorroded layers, and mass transport in the electrolyte phase should be coupled to the kinetic model. Indeed, the dynamics of these processes can have a high impact on the various parameters that were used in the model, notably the concentration of photogenerated charge carriers, the concentration of the active sites, the local pH, and the electrocatalyst and semiconductor potentials.
In this manuscript, we report on the development of a kinetic model of photoanodes and provide insights into the reasons behind the mismatch of the theoretically predicted thermodynamic instability and the operational durabilities that are experimentally observed. 
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